ALkaline phosphatase has been purified to homogeneity from two strains of Vibrio cholerae. The enzymes from both strains are single polypeptides of molecular weight 60,000. Both of the enzymes have pH optima around 8.0 and can act on a variety of organic phosphate esters, glucose-i-phosphate being the best substrate. The enzymes are unable to hydrolyze ATP and AMP. Although they have identical Km values, the two enzymes differ significantly in V. with pnitrophenyl phosphate as substrate. The enzymes from the two strains also differ in their sensitivity to EDTA, Pi, and metal ions and activities of the apoenzymes.
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Ca2+ reactivated the apoenzymes most.
In another report (16a) , repression of the alkaline phosphatase (APase; EC 3.1.3.1) of Vibrio cholerae, a highly pathogenic gram-negative bacterium, has been shown in the presence of a high level of Pi. Derepression of the enzyme's synthesis occurred when the Pi content of the growth medium was reduced and was further stimulated in the presence of glucose. Whereas the enzyme from strain 569B of Inaba was stable, that from strain 154 of Ogawa was unstable in vivo (16a) . The stability of the enzyme from cells of strain 569B in vivo was reduced during laboratory maintenance of these cells along with the reduction in toxinogenicity. However, animal passage of laboratory strains (3) increased the level of toxinogenicity, and the stability of the enzyme in vivo was restored (N. K. Roy, G. Das, T. S. Balganesh, S. N. Dey, R. K. Ghosh, and J. Das, J. Gen. Microbiol., in press). It has also been reported that the synthesis of this enzyme by cells of strain 569B was more sensitive to Pi than that of cells of strain 154 (16a) . It thus appeared intriguing to examine the properties of APase purified from cells of strain 569B and 154.
The present report describes that although the enzyme from cells of strain 154 was unstable in vivo, the purified enzyme was stable. In contrast to APases from all other sources reported so far (7, 8, 16) , which are dimers of identical subunits, the enzymes from both strains of V. cholerae are single polypeptides.
MATERIALS AND METHODS
Organims and growth condition. The V. cholerae Inaba 569B and Ogawa 154 strains used in this study were obtained from Cholera Research Center, Calcutta, India. The conditions for maintenance of these strains have been described previously (4).
Cells were grown in phosphate-depleted nutrient broth (25 ,uM Pj) containing 10 g of peptone (Difco Laboratories), 10 g of Lab-Lemco powder (Oxoid Ltd.), and 5 g of sodium chloride per liter of distilled water as described elsewhere (16a). LPG medium was low-phosphate medium containing 0.1% (wt/vol) glucose. Overnight cultures were used to inoculate LPG medium at an absorbancy at 540 nm (A540) of 0.08 and allowed to grow at 370C with shaking (180 rpm) to an A54o of 1.6. Cells were harvested by centrifugation at 10,000 x g for 10 min.
Asay of APmase. APase activity was assayed by monitoring the release of p-nitrophenol (PNP) from pnitrophenyl phosphate (PNPP). The reaction mixture contained 1.0 M Tris-hydrochloride (pH 8.0), 2 mM PNPP, and the enzyme in a 2-ml volume. Incubation time was 15 min and 10 min for the enzyme from cells of strains 569B and 154, respectively. After incubation at 3rC, the reaction was terminated by the addition of 0.2 ml of 26% (wt/vol) K2HPO4, and the A410 was read in a Gilford model 250 spectrophotometer. One unit of enzyme is defined as the amount of enzyme which liberates 1 umol of PNP per min at 3rC. The activity of the enzyme on other organic phosphate esters was measured by assaying the amount of Pi liberated by the method of Ernster et al. (6) . The reaction mixture for this assay was 0.2 M glycine-NaOH (pH 9.6), 2 mM substrate, and the enzyme in a 2-ml volume. The reaction was stopped by the addition of 0.7 ml of icecold perchloric acid (70%). The stability ofthe enzyme during the assay was checked by the method of Selwyn (18) . Protein etaon. Protein was estimated colorimetrically by the method of Lowry et al. (13) or by absorbance by the method of Kalckar (9 Determination of molecular weight. Protein molecular weights were determined from their mobilities relative to protein standards as described by Weber and Osborn (19) . The protein molecular weight standards used were bovine serum albumin (68,000), ovalbumin (43,000), trypsin (23,500), and lysozyme (13, 600) . Proteins were stained for 16 h in 0.125% Coomassie brilliant blue in a 1:5:5 mixture of acetic acid-water-methanol and destained in a solution of 5% methanol and 7.5% acetic acid.
Molecular weights were also determined by gel filtration in Sephadex G-200 column by the method of Andrews (1) 
RESULTS
Purification of APase from V. cholerae cells. Identical procedures were followed for purification of APase from cells of strains 569B and 154, except that the buffers used for the enzyme from cells of strain 154 contained 20 ,M 3-glycerophosphate to stabilize the enzyme in vivo (16a). The purification of the enzyme involved the following steps carried out at 4°C.
Spheroplasts were formed from cells grown in LPG medium, and the periplasmic supernatant was collected as described above. More than 90% of the whole cell activity was recovered in the periplasmic supernatant. Periplasmic supernatants from 500-ml cultures were loaded on a DEAE-cellulose column (1.6 by 56 cm) equilibrated with buffer A (33 mM Tris-hydrochloride [pH 8.0], 0.1 mM ,-mercaptoethanol, 0.1 mM phenylmethylsulphonyl fluoride, and 10%6 glycerol). The column was washed with the same buffer, and the enzyme activity was eluted with a linear 0 to 50 mM KCl gradient (Fig. 1) . The enzyme from cells of strain 154 ( 569B (a, c) and 154 (b, d) .
zymes obtained from cells of strains 569B and 154.
Polyacrylamide gel electrophoresis under both denaturing and nondenaturing conditions gave single protein bands for both enzymes (Fig.  2) .
Antibody raised against APase from cells of strain 569B gave a single precipitin band in Ouchterlony double-diffusion plates at all antigen concentrations used (Fig. 3) 20 3 a Purified enzymes from cells of strains 569B and 154 were dialyzed against buffer A containing 5 mM EDTA to remove metal ions. The resulting apoenzyme was dialyzed against buffer A to remove EDTA. The activity of the dialyzed apoenzyme was assayed in the presence of 1 mM concentrations of various metal ions as described in the text. The results are expressed as percentage of activity restored compared with untreated enzymes. Reaction rates were linear up to 10 min.
zymes from cells of strains 569B and 154 were assayed in the presence of various concentrations of Pi. At 10-2 M Pi, complete inhibition of activity was observed for enzymes from both sources (Fig. 5) . At lower concentrations, the enzyme from cells of strain 569B was more sensitive than that from cells of strain 154. To determine the value of K,, the velocity of the enzyme reaction was measured in presence of a fixed concentration (10-4 M) of Pi. From the double-reciprocal plot (Fig. 4) the inhibition was found to be competitive. The values of Ki are similar for both enzymes (0.033 mM).
EDTA inhibition. To examine the effect of EDTA on APases of cells from strains 569B and 154, activities were assayed in presence of various concentrations of EDTA. The enzyme from cells of strain 569B was more susceptible to EDTA, and its activity was completely inhibited at 0.03 mM. Under identical conditions the enzymes from cells of strain 154 retained 60% activity. Complete loss of enzyme activity from cells of strain 154 occurred at 0.07 mM EDTA.
Metal ion. To investigate the metal ion requirement of APases from cells of strains 154 and 569B, apoenzymes were prepared by dialyzing the enzyme against EDTA. No enzyme activity could be detected when the apoenzyme from cells of strain 154 was assayed. However, apoenzyme from cells of strain 569B retained about 20% activity. The apoenzymes from both sources were assayed for activity in the presence of 1 mM concentrations of various metal ions ( Table 4 shows the relative activity of the purified enzyme(s) on several substrates relative to PNPP. The enzymes from Effect of antibody of APase activity. In the presence of low concentrations of antibody thE activity of the enzyme from cells of strain 569B was stimulated by about 30%o (Fig. 7) . Under identical conditions no change in the activity of the enzyme from cells of strain 154 was observed. This result suggested that the positions of the antigenic determinants of the enzymes from the two strains might be different.
DISCUSSION
The results presented in this report describe the purification and properties of APase from two different strains of V. cholerae. The enzymes from cells of strains 569B and 154, being periplasmic, offered a simpler purification procedure ( Table 1 ). The enzymes from these two strains differ significantly in several aspects a Abbreviations: NaPPi, sodium pyrophosphate; 0-Gl-P, 0-glycerophosphate; G-6P, glucose-6phos-phate; G-1-P, glucose-i-phosphate; ND, not detectable.
b Numbers within parenthesis are the units of enzyme used.
( The monomeric nature of APase of V. cholerae appears intriguing from the point of view of the mechanism of action of the enzyme. APases from all other sources studied so far are dimeric proteins exhibiting negative cooperativity (11) , and the monomeric units are inactive at least in E. coli (17) . Furthermore, whereas the E. coli enzyme can be assayed in the presence of 1 M NaCI and requires Mg2e ions for activity (2, 15) , and membrane-bound APase of Bacillus subtilis is extracted by 1 M magnesium acetate (8), the enzymes from V. cholerae cells were inhibited at very low concentrations of these metal ions (Table 3 ). These properties of V. cholerae APase make this protein interesting for further study.
